Investigations of the interaction of genome and plastome (Stubbe 1959) have shown that subsection Oenothera of the section Oenothera comprises three basic genomes (A, B, C) and five plastomes (I-V), the former being arranged in 13 species in either a homozygous or complex-heterozygous state (Raven et al. 1979 , Stubbe and Raven 1979a , Dietrich et al. 1997 .
In crossing experiments in which the plastomes are combined with genomes with which they do not occur naturally, the progenies frequently show a disturbed development. Such incompatibility between genome and plastome is most noticeably expressed as different types of chlorophyll deficiencies. Due to the biparental transmission of plastids in Oenothera, interspecific hybrids are often variegated when one of the parental plastid types becomes green while the other turns pale. These phenomena are called hybrid paleness and hybrid variegation. Variegated plants may also be obtained by crossing if one of the partners carries mutated chlorophyll deficient plastids.
The number of plastids derived from the female parent is generally greater than that from the male parent, but the proportion of both varies greatly from cross to cross. Sch6tz (1954) concluded that the degree of variegation (variegation value or "Scheckungswert") is based on differences in the multiplication rate of the five plastid types. As a result, a competition takes place within the zygote and the "mixed" cells derived from it, leading to a deviation from the original proportion of maternal and paternal plastids during the development of the embryo and young plant. In apparently compatible genome-plastome combinations the extent of plastid transmission to the progeny led to recognition of the following series: I>III>II>V>IV (Sch6tz 1954 (Sch6tz , 1974 (Sch6tz , 1975 . Recently, the influence of the genome and plastome on plastid transmission has been reinvestigated in greater detail by Chiu and Sears (1993) .
Another expression of the incompatibility between genome and plastome concerns pollen inactivation. This can be observed when genome B is combined with plastome IV (Stubbe 1959 (Stubbe , 1960 G6pel 1967 . (Other combinations showing the same effect will not be considered here.) The B genome is found in the homozygous species O. grandiflora (BB) and in the complex-heterozygous O. nutans Atkinson (B1B2) (syn. O. austromontana Munz) studied in detail by Wasmund (1984) . In both cases it normally occurs with plastome III. It is also found in the complex-heterozygous species O. biennis (AB) (Raven et al. 1979) .
Plastome IV occurs in the complex-heterozygous species O. parviflora and O. oakesiana (AC). These two species represent a refuge for plastome IV; they cannot be invaded by the other plastomes via crosses since the latter are not compatible with the C genome. Otherwise, because of its low multiplication rate, plastome IV would be displaced by the faster multiplying plastomes. Because of the low multiplication rate and its relatively greater tolerance with respect to the normal functioning of the chloroplasts when associated with the three genomes A, B, and C, plastome IV is regarded as the most primitive of the five plastomes in subsection Oenothera (e.g. Stubbe 1959) .
The inactivation of one of the two complexes in a complex-heterozygous species of Oenothera is a familiar phenomenon. In the heterogamous species O. parviflora and O. oakesiana only the C complex is transmitted by the pollen; the inactivation of the partner complexes B and A is achieved by pollen lethals. In O. biennis subsp, centralis self-incompatibility (Si) genes have been demonstrated in the B complex which prevent the formation of BB homozygotes in the normally self-pollinating species (Steiner 1956 (Steiner , 1957 . [More recently Si genes were also demonstrated in O. grandiflora (Stubbe and Raven 1979b ).] In strains of O. biennis subsp. caeciarum, however, the B complex lacks Si genes and functions as the pollen complex, while the partner complex A carries a pollen lethal. In addition, the B complex frequently carries a sporophytic lethal by which the homozygotes are eliminated as proembryos, leading to empty seeds (Renner 1916) .
In the context of the present investigation it should be noted that Rennet (1919) first observed that the gaudens (B) complex of O. lamarckiana de Vries becomes inactivated in the pollen when it is transferred into the cytoplasm of O. muricata (AC-IV). The extra-chromosomal component of this incompatibility was later shown to be localized in the plastids (Stubbe 1959 (Stubbe , 1960 . The phenomenon of plastome-dependent pollen inactivation was studied in detail by G6pel (1967, 1970) . He utilized different strains of O. suaveolens (a species which can be assigned to O. biennis subsp, caeciarum) in which the B complex flavens is free of pollen lethals and Si genes. It was found that the inactivation of the B-IV pollen was not always absolute. Thus, after selfing of the AB-IV combination (O. suaveolens with plastome IV) occasional fruits with a few seeds occur which give rise to progeny of the parental phenotype. That these rare active pollen grains were genetically altered by mutation or crossing-over could be excluded. Through breeding experiments it could be demonstrated that the genetic constitution of the sporophyte also influences the pollen activity. This was further confirmed by physiological investigations (G6pel 1976) . However, O. suaveolens presented two disadvantages in these investigations: First, the pollen is not homogenous, since the albicans complex forms 50% empty grains due to its pollen lethals; further, an additional percentage of empty grains results from meiotic failures. Second, even if by crossing different strains of O. suaveoIens, flavensflavens homozygotes (BB) were obtained free of sporophytic lethals (cf. Stubbe 1953) , these were weak because of their limited compatibility with plastome II which had to be replaced by plastome III. At that time plastome III was only available from O. lamarckiana and the crosses led to thefalcifolia syndrome (Stubbe 1970 (Stubbe , 1989a .
With the more recent availability of a number of strains of O. grandiflora which possess a homozygous B genotype combined with plastome III, it became feasible to reinvestigate plastome-dependent pollen inactivation utilizing these vigorous homozygous forms. More than 20 strains of these large flowered forms in our collection were outfitted with plastome IV through appropriate crossings. The expectation was that among these phenotypically diverse BB-IV combinations, we would find some with inactive as well as active pollen. The phenomenon of plastomedependent pollen inactivation could then be studied in depth with physiological and molecular biological techniques. Moreover, the results should shed light on the evolution of the five plastomes in the subsection Oenothera and may provide a test of the hypothesis that plastome IV is primitive and the one from which the others evolved.
Materials and methods
The strains of Oenothera grandiflora L.'Her. here investigated are listed in Table 1 . A description of their characteristics is given in the publications of Stubbe (1984, 1986) , Schumacher et al. (1992) , and Schumacher and Steiner (1993) .
Most of the strains when grown in the experimental garden at the University of Dtisseldorf, flower late in the season and therefore need short-day treatment in a special greenhouse. Such treatment may be necessary in order to make crosses with those plants flowering under long-day conditions.
The compatibility relations between different genomes and plastomes with regard to plastid development are described by Stubbe (most recently in Stubbe 1989c , also reproduced in Schumacher et al. 1992 and Harte 1994) .
Plastome III of O. grandiflora can be exchanged with plastome IV of a strain of O. parviflora without difficulty, provided certain complex-heterozygous hybrids with suitable chromosome arrangements which have already been combined with plastome IV and mutated chlorophylldeficient plastids from the other plastomes, are utilized. In the present investigation the complex combinations of albicans Grado-undans (AA) or albicans Grado-percurvans (AC) were used as seed parents. The albicans complex is transmitted exclusively by the egg cell; (undans and percurvans are pollen complexes). The exchange of plastomes is accomplished by a crossing scheme, an example of which is described in Stubbe (1989c) :
First, a complex-heterozygous variegated hybrid with the genetic constitution of albicans-hgrandiflora (AB) is produced. It bears mutated plastids (IIff) from the seed parent and plastid type III from the pollen parent. (The diakinesis configuration is generally a circle of 14; in some cases a circle of 8 and a circle of 6 is observed, but due to the lethals in albicans the only segregants are the parental complexes A and B). White tissues of this variegated hybrid AB-II'7/III, supply pollen which transmits mutated plastids with the hgrandiflora complex (B-II3,). If a complexheterozygous hybrid which previously was combined with plastome IV (e.g. AC-IV), is pollinated with B-II% variegated progeny of idiotype AB-IWII 7 is obtained. This hybrid produces two types of egg cells in its green parts, namely albicans (A-IV) and hgrandiflora (B-IV), but only B-IV pollen. Its white parts give rise to corresponding gametes but with mutated plastids. To obtain a grandiflora with plastome IV (BB-IV), the hybrid is self-pollinated. As will be explained later, it may be necessary to pollinate flowers of green sectors with pollen from white tissues. Using this procedure all the strains listed in Table 1 were combined with plastome IV. (One cannot always rely on the green color of the tissue. In some cases plastome III was obtained instead of plastome IV. The tissues which should have possessed mutated plastids exclusively may have also carried some proplastids of type III which could not be detected macroscopically. There is at present no indication of gene exchange by recombination between different plastomes in Oenothera, although theoretically possible (Medgyesy et a1.1985) . In any case, a test for the presence of Table 1 . Oenothera grandiflora strains used in the present investigation (for details see Stubbe 1984 and Kutzelnigg (1968) .
plastome IV among the plastids should be carried out. This is easily done by determining the shape of the starch grains in the pollen, see below.) After having replaced plastome III with plastome IV the effects of the exchange can be investigated. Both the diploand haplophases are affected:
1. For determination of the vitality and activity of the B-IV pollen either the hybrid albicans-hgrandiflora (AB-IV) or BB-IV homozygotes can serve as pollen sources. Microscopic examination of a pollen sample is critical in order to estimate the proportion of empty pollen grains and to determine the shape of the starch grains (stained with IKI). In contrast to B-II or B-III pollen which contain pointed angular starch grains, the grains of B-IV pollen are round. In this way the presence of plastome IV can be established.
For the present it was not possible to test germination of pollen on the stigma or on stigma-secreted slime, nor were physiological measurements (e.g. Grpel 1976) carried out. The activity of the B-IV pollen was assessed exclusively by means of seed formation following surplus pollination. On the one hand, this was achieved through self-pollination of the AB-IV hybrids and the BB-IV homozygotes, and, on the other, by pollinating a large-flowered AA-I species, for example O. elata, with B-IV pollen. In the latter case the hybrids produced should be of the idiotype AB-I which is phenotypically a lutescens pale, expressed particularly in the cotyledons.
The activity or inactivity of the B-IV pollen is indicated by the fruit development. Within cettain limits the size of the capsule depends upon the number of seeds produced (Grpel 1967: 29; Chiu and Sears 1993: Fig. 3 ). It is worth pointing out that fruits of pollinated flowers which do not produce seeds do not fall off in contrast to those which have not been pollinated. This has also been observed after self pollination of self-incompatible plants. 2. If the B-IV pollen is inactive, BB-IV homozygotes can only be obtained by using pollen carrying a different plastid type, e.g. B-II'y pollen. This implies that a variegated progeny (BB-IV/II',/) must be taken into consideration. For entirely different reasons such a procedure proved necessary, as will be reported under "Results". 3. Although this investigation began with examination of plastome-dependent pollen inactivation, it seemed pertinent to also compare the BB-IV plants with the BB-III plants of the original strains.
Results
As previously pointed out by Stubbe (1984, 1986) , the various strains of O. grandiflora collected in Alabama, Florida and Tennessee show a considerable morphological diversity when grown in the experimental field. The differences relate to the contour of the leaves, the leaf colour, the branching of the stem, the size of flowers and fruits, the distribution and intensity of anthocyanin pigmentation as well as the pubescence of different parts of the plant body. Important differences also exist with regard to the initiation of flower formation in response to the day length. Late blooming can be overcome by short-day treatment after the plants have broken the rosette stage in long-day conditions. In spite of the wide variation of strains selected from natural populations (and now maintained as pure lines), their phenotypes still conform to the basic genotype B which is most compatible with plastome III. It seems appropriate in this context to recapitulate the general appearance of the grandiflora phenotype: It may be mentioned that as far as possible selfcompatible lines were used, though Si genes are present in many strains. In the strain from Monteagle, however, a self-compatible line is not available, thus, selfing of BB-IV must be replaced by crossing of lines with different Si genes. Furthermore, we do not consider the limited chromosomal variability between pure lines as significant, since it is without influence on the phenotype.
When plastome III was replaced by plastome IV, we found that the different strains did not react alike. Differences occurred not only with regard to pollen activity (which was the initial thrust of this investigation), but also with regard to the viability of embryos, the greening of the leaves and the vigour, growth and branching of the plants.
The phenomenon of pollen inactivation when a B complex is combined with plastome IV, was studied in detail by G6pel (1967) using theflavens complex of O. suaveolens. The present investigation of more than 20 grandiflora complexes largely confirms G6pel's observations: B-IV pollen grains generally contain a healthy protoplast which is plasmolysable. B-I, B-II, and B-III pollen contain pointed angular or spindle shaped starch grains; in contrast, B-IV pollen has round or nearly round starch grains (Fig. 1) . Pollen tube formation is usually inhibited, but the inactivation of B-IV pollen is not always absolute; on occasion several grains function normally and fertilize egg cells, leading to seed development. In so far our results are in good agreement with the rigorous investigations of G6pel (1967) . Beyond that employing different homozygous strains of O. grandiflora led to new findings.
Our experiments were mainly extended after the acquisition of additional strains in 1984. Initially the method of choice to determine pollen activity was selling. The majority of AB-IV and BB-IV failed to set seed (records not shown), but could be maintained by means of variegated progeny when B-IV pollen was replaced by pollen with mutated plastids of plastome II or III. A further test of pollen activity was carried out by pollinating AA-I plants with B-IV pollen from AB-IV and BB-IV plants (Table 2) . These experiments generally showed that some seeds were produced, the size of the fruit corresponding to the amount of seeds in it, but a not predictable fluctuation of B-IV pollen efficiency persisted. However, in 1992 the fluctuation in most of the strains showed a remarkable pattern, namely, when AA-I species were pollinated between July 16 and 22, seed production was scarce or lacking, but when the experiments were repeated with the same plants a month later, seed set was normal or nearly so (Table 2A) . A partial repetition of the test in 1993 gave, with only a few exceptions, similar results. These experiments were taken up again in 1996 to determine if the result of 1992 could be reproduced. For practical reasons the experiments were carried out a week later between July 22 and 31 and some of the tests were done with plants in the greenhouse. The results, shown in Table 2B , do not confirm those of 1992 in which a better seed set was obtained in August than in July; rather the trend was the reverse. Nevertheless, completely inactive B-IV pollen due to incompatibility between genome and plastome is no longer to be expected in either of the different strains. Whether external conditions directly or the developmental stage of the plants in relation to their age is responsible for this previously unobserved seasonal fluctuation is not known. Further, in some races the B-IV pollen is active enough to yield normal seed production at all times. This applies mainly to the strains Bellamy, Cantonment, Flomaton, Sims Chapel, Tuscaloosa and York. We assume that in these cases the B-IV pollen contains a relatively high percentage of active grains, but is not as vigorous as the B-III Pollen.
The results of the selfings of AB-IV and BB-IV plants (Tables 3 and 5 ) demonstrate by the frequently imperfect fruit development and reduced seed set also the unsatisfactory function of B-IV pollen. In addition to that, imperfect seed development points to a diminished vitality and vigour of the containing embryos.
If seeds from selfed complex-heterozygous AB-IV plants are grown (Table 4) , two types of offspring are expected (AB and BB), but in the majority of the strains only AB-IV plants appear. A great part of the normally developed seeds is empty. Obviously, embryo development ceased early on; together with the imperfectly developed seeds the empty are regarded as mainly representing BB-IV homozygotes. (The proportion may deviate widely from a 1:1 ratio, presumably due to embryo-sac competition.) In other words, the BB-IV embryos are lethal.
In some strains BB-IV embroys from selfed AB-IV plants developed normally yielding a certain portion of seeds capable of germination. If such BB-IV plants are selfed, a great deal of the seeds is empty (Table 6 ). Viable BB-IV embryos have been observed with strains Avalon, Bay Minette, Bellamy, Cantonment, Castleberry B, Chastang 2, Flomaton, Frankville, Seabury Creek 2, Sims Chapel, Stockton 2, Stockton derived, Tuscaloosa and York.
Of particular interest is the fact that the failure of embryo development can be overcome, if a second plastid type is contributed to the zygote by the pollen. Usually a chlorophyll-deficient mutant of plastome II or III suceeds well in combination with plastome IV in the resulting variegated progeny. Since some empty seeds are still obtained, a sufficient number of plastids does not always seem to be distributed to the part of the zygote which gives rise to the embryo proper, and which is necessary to overcome the lethal effect of plastome IV. The only case in which the lethality of BB-IV embryos could not yet be overcome by using pollen with plastome II or III, was with AB-IV of County Road 6 as seed parent. Generally, using this procedure the BB-IV homozygotes can be brought to full development. Actually the mutated plastome II or III is no longer necessary for further development of BB-IV tissue immediately after germination. Thus, it Fig. 3 . Oenothera BB-IV plant of strain Stockton 1 with an irregular contour of the upper leaves becomes possible to compare the BB-IV plants with the original O. grandiflora strain with regard to phenotypic differences. This proved worthwhile especially for chloroplast development. Namely, in several of the strains a bleaching called virescens (Fig. 2) occurs similar to that known in the combination AA-III (Stubbe 1995 (Stubbe , 1959 . The expression of this character is not always strong. We observed the virescens phenotype in the following strains: Avalon, Bigbee, Cantonment (only slightly), Frankville (young plants), Monteagle, Stockton 2, Stockton derived, Tuscaloosa and York. In addition to this, the virescens character appeared in special lines which were obtained by crossing a self-compatible with a self-incompatible complex of the strains Bellamy, Castleberry B and Seabury Creek 2.
As already observed in the case of AA-III, the virescens character of the BB-IV tissue can be influenced by tissues with mutated plastids (e.g. IIs) in such a way that the bleaching is suppressed. Thus, a plant may contain three types of colored tissues, virescent BB-IV, green BB-IV and mutated BB-IIT. This phenomenon was described earlier with the idiotype albicans-velans (AA) with plastome III and II/3 (Stubbe 1958 ; see also Harte 1994: plate 2e).
Another phenotypic expression of incompatibility between the B genome and plastome IV appeared only in the strain Stockton 1 as an irregular contour of the upper cauline leaves (Fig. 3 ).
The incompatibility reactions described above serve to supplement the earlier versions of Stubbe's scheme (Stubbe 1959 ) by adding to the BB-IV square the symbols for virescens and lethality (Stubbe 1989c ).
Discussion
As known from earlier experiments (Renner 1919; Stubbe 1959; G6pel 1967 genomes of the B type derived from complex-heterozygous species are incompatible with plastome IV of O. parviflora because of the inactivation of the B-IV pollen. In order to determine if this behavior is also true of different strains of O. grandiflora (BB-III), the ancestors of which must have been ancestors of all B genomes, more than 20 strains of O. grandiflora were combined with plastome IV (Table 1) . At least some of these new combinations were expected to show a complete inactivation of the B-IV pollen.
As indicated by seed set (Tables 2, 3 and 5), no strain shows an absolute inactivation of B-IV pollen, although distinct differences occur among the strains of various geographic origin. This is not too surprising, since the strains also differ greatly in phenotype. Further, the 1992 tests show differences between most strains in the seed set obtained in July and that obtained in August. These may be the result of developmental or environmental influences on the pollen parent, the sporophyte, during pollen grain development, or on the male gametophyte itself when it germinates and forms the pollen tube. At the present it has not been possible to establish a causal connection with climatic conditions. Sometimes a difference exists between plants of the same origin, when grown in the field and in the greenhouse, which suggests environmental influence (e.g. Table 2 , Castleberry B 93-396).
The fluctuating nature of the inactivation of B-IV pollen is an incompatibility between genome and plastome that can be compared to disturbances of chloroplast development which lead to an incomplete bleaching of the leaves and the occasional recovery of their normal green colour. One can assume that differences in the activity of B-IV pollen occur in different parts of the anther.
The above results confirm those of G6pel (1967, 1970, 1976 ) who used mainly the flavens complex of different strains of O. suaveolens. His genetic and physiological findings are presented in great detail and his approach could well be profitably applied to further investigations on the phenomenon of pollen inactivation of O. grandiflora.
Beyond that, several hitherto unknown aspects of the vitality of BB-IV sporophytes were observed: The vitality and vigour of BB-IV homozygotes of the different strains varies. Two developmental stages are critical in this respect. The first is early embryogenesis and formation of viable seeds. The second concerns the plastid development in the cotyledons and the leaves of the rosette and shoot.
That the BB-IV homozygotes are lethal in most of the strains during the early development of the embryo was an unexpected finding. In some strains in which selfing of BB-IV plants give viable progeny (Table 6 ), a portion of seeds is empty, pointing to a diminished vigor of the embryos in an early stage of development.
Fortunately the lethality of BB-IV embryos can be overcome by introducing a different plastid type into the zygote from the pollen parent. Since the partner plastome is only necessary to overcome the critical embryonic stage, mutated chlorophyll-deficient plastids can be used. This neutralization of the incompatibility during the embryonic stage by a second plastid type allows us to grow all of the strains with plastome IV to maturity. Thus it is possible not only to test the pollen quality but also to compare the BB-IV phenotype with that of the original BB-III plants.
In about half of the strains a virescens paleness of the BB-IV is observed. This is new, since BB-IV combinations from complex-heterozygous species always showed normal greening. Virescens paleness was known earlier in the combination AA-III and occasionally in AB-III.
In general, the virescens character reduces the vigor of the shoot system, but this effect may be neutralized in variegated plants by the influence of the mutated plastids. Frequently, the virescens bleaching is overridden when tissues with mutated plastids are superimposed on those with plastome IV. Thus, tissues with green plastids occur along with those with virescens paleness and others with pure chlorophylldeficient mutated plastids. This phenomenon was previously observed in AA-IIIIII/3 combinations (Stubbe 1958) .
Since until now a B genome which is fully compatible with plastome IV has not been observed, the question of the evolutionary significance of these results should be considered in the context of Cleland's hypothesis of the evolution of the subsection Oenothera (Cleland 1972: 225) : His view was that the different populations evolved in the center of origin, probably Mexico and Central America, then spread in successive waves across the North American continent. The succession of genotypes is expressed in our terminology (Stubbe 1959) as first CC (O. argillicola), then BB (O. grandiflora) and finally AA (O. elata). According to Cleland (1972: 299-302) , this happened as an adaptation to the changing climatic conditions of the Pleistocene. Cleland's original hypothesis regarding the evolution of the subsection Oenothera did not take into account the plastome. However, with the work of Stubbe (1959 Stubbe ( , 1964 on the compatibility relationships of genome and plastome and that of Sch6tz (1954 Sch6tz ( , 1958 on the relative strength of plastid types in competition experiments, it became clear that the evolution of the plastome had to be considered as a significant element in the evolutionary history of the group. The crucial assumption is that plastome IV is primitive. This is based on the low multiplication rate of plastid type IV and its relatively wide compatibility during development with the diploid genomes as described in the scheme of Stubbe (1959 Stubbe ( , 1989c .
None of the extant homozygous species, however, carries plastome IV. Nevertheless, one of the parents of the hybrid species O. parviflora (BC-IV) and O. oakesiana (AC-IV) must have contributed plastome IV; this was most probably the precursor of O. argillicola which later acquired plastome V. Of the three basic genotypes, the argillicola genotype is still the most compatible with plastome IV. In contrast to AA and BB, CC shows no restriction of compatibility with plastome IV. The other parents of the hybrid species had probably already acquired more advanced plastomes at the time crossing occurred. Further, the current concept of the origin of the hybrid species requires that at least one of the parents was already a complex-heterozygote, thus insuring that the hybrid would be a constant complex-heterozygote and probably heterogamous from its inception (Stubbe 1980, Wasmund and .
Our concept of the evolution of the hybrid species still presents some unsolved problems. If we consider the basic genotype B, which is also present in O. biennis (AB-II, BA-III), one may ask whether the genomic constitution of the extant O. grandiflora strains correspond to that of the B complexes in O. parviflora and O. biennis or have possibly been conserved to some degree in an earlier state. Further, what plastids did the A and B genomes carry at that time? It seems most probable that AA was combined with plastome II and BB with plastome III, since O. biennis subsp, caeciarum contains plastome II and subsp, centralis plastome III at present. In the presence of BC the plastids of plastome II and III Table 3 . Examples of seed set obtained by selfing of Oenothera AB-IV plants. The A complex is always albicans Grado, the B complex corresponds to the strain in the first column. Abbreviations: n normal seeds, i imperfectly developed seeds, quota in parenthesis, em empty fruits, sm small fruits, me medium-sized fruits, nm normal fruits since the CC-IV parent could act as the female as well as the male parent. Assuming that the B complex had already lost its ability to harmonize with plastome IV in the male gametophyte, the hybrid would have been immediately semi-heterogamous. This remains to be supported by experimental evidence. An alternative to the view that plastome IV is the ancestral type for the subsection is that a more 53  60  25  25  30  8O  22  34  92  7  27  47  64  42  20  13  71  77  57  71  22  48  51  18  10  52  27  25  88  70  32  15  25  22  18  22  27  18  30  25  33  33  44  78  34  37  28  19  59  33 Stubbe et al. 1978) . Therefore, we favor the hypothesis that a precursor existed which tolerated the differentiation of the ancestral genome into three different genomes A, B, and C, and from which the three plastomes II, III, IV were derived later. A diagram of this evolutionary scheme is shown in Fig. 4 . More detailed information is to be expected from molecular investigations on the plastome. A recent paper (Sears et al. 1996 ) describes comparisons of repetitive sequences of one of the putative cpDNA replication Oenothera. It is concluded that plastome IV must have diverged quite early from the other types and cannot be considered to be ancestral to them. However, the same sequence data can be interpreted in a different way leading to conflicting conclusions (Hornung et al. 1996) . Therefore, additional non-repetitive parts of the cpDNA have to be considered for molecular analysis in order to support the classical genetic studies. To this Financial support for this work was provided in part by a grant from the Deutsche Forschungsgemeinschaft. We thank Mrs. G. Linne von Berg and Mrs. E. Schumacher for excellent technical assistance and Dr. S. Misdra for his help on preparing the manuscript.
